Arthroscopic knee surgery has represented a cornerstone of orthopedic surgery since the late 1970s. In recent years, however, its use in meniscal injuries has become increasingly controversial (Jarvinen and Guyatt [@C15], Lohmander et al. [@C22]). Current evidence suggests that arthroscopic knee surgery has no added benefit compared with non-surgical management in degenerative meniscal disease (Thorlund et al. [@C34]). In the absence of compelling evidence, young patients with distinct trauma and an acutely locked knee have traditionally been assumed to benefit from surgery. On these grounds, the indication for surgery was expanded to older patients and patients without trauma, although the prevalence of asymptomatic degenerative meniscal tears in such patients is high and rising with age (Bhattacharyya et al. [@C2], Englund et al. [@C6]). In fact degenerative meniscal tears are increasingly considered an early sign of osteoarthritis without any influence on pain by themselves (Englund et al. [@C5], Englund et al. [@C7], Tornbjerg et al. [@C36]). Of 8 major randomized controlled trials (RCTs) assessing surgical treatment of degenerative meniscal disease in patients with or without osteoarthritis (Moseley et al. [@C26], Kirkley et al. [@C19], Herrlin et al. [@C13], Katz et al. [@C16], Sihvonen et al. [@C30], Yim et al. [@C37], Kise et al. [@C20]) only 1 found a minimal and non-lasting benefit for surgery (Gauffin et al. [@C11]). In the years preceding 2010, before most of the studies challenging the efficacy of surgery were published, rates for arthroscopic knee surgery were high or increasing in several countries, especially among middle-aged patients (Pellegrini and Kohler [@C28], Thorlund et al. [@C33]). In Switzerland, APM was the most frequent orthopedic procedure and the fifth most frequent of all surgical procedures according to inpatient data from 2013 (Federal Statistical Office).

This study aims to assess the dynamics and the appropriateness of arthroscopic knee surgery in non-traumatic patients in the most recent years. Most non-traumatic patients are expected to suffer from degenerative meniscal disease or osteoarthritis, which does not qualify for surgery according to current evidence. We hypothesize that the use of arthroscopic knee surgery remained unchanged and inappropriate to a major extent. We therefore examined and compared arthroscopic knee surgery rates and related patient characteristics in a sizeable non-traumatic population in 2012 and 2015 in Switzerland.

Methods {#s0002}
=======

Study design {#s0003}
------------

We used claims data to analyze the incidence of APM, arthroscopic debridement and lavage of the knee in patients over the age of 40, comparing the years 2012 and 2015.

Data source {#s0004}
-----------

The data we used are based on claims of a major Swiss health insurance company ("Helsana group") which covers approximately a 6th of the overall Swiss population within the study period (Federal Statistical Office [@C9]).

All individuals registered in Switzerland are obliged by law to choose general health insurance. They are thereby granted equal access to the full range of medical treatments, regardless of insurance status. Supplementary private insurance is available for an additional premium. It encompasses benefits regarding accommodation and free choice of specialists. Importantly, Swiss law requires additional mandatory accident insurance for all citizens, which is recorded separately. Traumatic and non-traumatic injuries are therefore covered by different insurance policies.

Data collection {#s0005}
---------------

We extracted data from the health insurance company's claims database. Procedures performed were identified using the corresponding Swiss coding systems for surgical interventions in inpatients, called CHOP-codes (Swiss Classification of Operations) and TARMED codes for outpatients (tarif médical; Swiss Classification for outpatient medical services). To identify the relevant surgery codes, classification catalogues were screened both manually and automatically for the terms "menisk", "arthroskop", and "Knie" (knee). Results were presented to a senior clinical orthopedic surgeon and confirmed as the relevant codes in clinical routine.

We used International Statistical Classification of Diseases and Related Health Problems (ICD-10) codes to assess diagnostic information. These codes became available to insurance companies only from 2012 with the establishment of the Swiss DRG (Diagnosis Related Groups), a "flat rate per case"-based billing system. Consequently, we compared data from 2012 and 2015, the earliest and latest year for which data were available. For data involving the incidence of an event after or before knee surgery (i.e. total knee arthroplasty after 2 years), we used 2013 data.

Inclusion criteria {#s0006}
------------------

We included all claims of patients over the age of 40, who underwent either APM, debridement, or lavage in 2012 and 2015. CHOP codes 80.6X.10 (Meniscectomy knee, arthroscopically, partial) and 80.86.11 (Debridement knee joint) for inpatient surgeries and TARMED codes 24.5710 (Knee arthroscopy with resection meniscus med/lat, part/tot) and 24.5700 (Knee arthroscopy with meniscal lavage) for outpatient procedures were employed. Validity of our sample was confirmed by assessing the presence of ICD-10 codes for meniscal damage (M23.2; Derangement of meniscus due to old tear or injury, M23.3 Other meniscus derangements, and M23.9 Internal derangement of knee, unspecified) in inpatients who underwent APM.

If surgery involved APM, it was categorized as such, regardless of additional codes present. Correspondingly, cases with codes for debridement and lavage qualified as such, if they did not exhibit a code for APM (i.e. if all codes were present simultaneously, the case was categorized as APM).

Measurements {#s0007}
------------

We collected sociodemographic factors (sex, age), as well as the treatment setting (in-/outpatient), osteoarthritis as concomitant diagnosis (code ICD-10 M17.x; including all subgroups, due to availability only in inpatients), pain medication (if more than 2 prescriptions within 6 months prior to surgery, according to Anatomical Therapeutic Chemical Classification System (WHO 2011), outpatient physiotherapy (within 6 months before and after surgery), MRI of the knee (within 6 months before surgery; codes TARMED; 39.5180, CHOP; 88.94.14), total knee arthroplasty (within 12 and 24 months after surgery), supplementary private insurance (including all semi-private and private models), high deductible class (copayment by patient up to ≥1000 Swiss Francs; insurance covers cumulative yearly costs exceeding this sum) and number of concomitant chronic diseases according to pharmaceutical cost groups (Lamers and Vliet [@C21]).

Statistics {#s0008}
----------

Data were grouped into 2 groups according to age, henceforth referred to as middle-aged (age 40--64) and elderly (age ≥65) patients. If no age group is declared, we refer to all included patients (i.e. age \>40).

Descriptive statistics were used to provide characteristics of the predefined surgical populations. Percentages and mean values were used for categorical and nominal data, respectively. For comparison of surgery rates, the Wald test was used and the p-value was calculated from the incidence rate ratios. To explore possible associations between surgery and variables, we performed a multivariable, multilevel logistic regression. The following variables were chosen by their availability and their relevance from a health services research perspective: "sex", "age" (centered by the median; "age squared" was added to account for the bowing course of incident rates), "supplementary private insurance", "high deductible class", "chronic diseases", and "pain medication" as fixed variables. To account for the regional differences in surgery rates, we included "canton" (i.e. Swiss regions) as a random variable. Results of regression analysis were presented as odds ratios with 95% confidence intervals (95% CI). Statistical analyses were conducted with "R" version 3.3.0.

Ethics, funding and potential conflicts of interest {#s0009}
---------------------------------------------------

No ethical authorization was required for this type of study according to Swiss law. Access to our dataset was granted by the Helsana group. Since data were completely anonymized, no patient consent was necessary.

The work was supported by the Swiss Academy of Medical Sciences (SAMS) with an unrestricted grant. Helsana Group provided support in the form of salaries for authors OR and MF, who are employed by the Helsana Group. The funders had no role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. OR and MF declare no conflict of interest. Helsana Group shall have no liability to any third party in respect of the contents of this article. All the other authors have no conflicts of interests or financial disclosures to declare.

Results {#s0010}
=======

648,708 and 647,808 patients were examined in 2012 and 2015 respectively. The mean age of all included (i.e. surgically treated) patients was 62 (SD 6.2) years in 2012 and 61 (SD 6.1) years in 2015. Of those 53% and 51% were female. On average, 68% of all patients who underwent APM, debridement, and lavage were inpatients.

APM accounted for 96% and 95% of procedures in 2012 and 2015 ([Table 1](#TB1){ref-type="table"}).

###### 

Arthroscopic knee surgery in 2012 and 2015

  Age group                                          Number of patients   Incidence rates (CI) per 10^5^ person-years                                           
  -------------------------------------------------- -------------------- --------------------------------------------- ---------------- ---------------- ----- ----------
  Age 40--64                                                                                                                                                    
   APM                                               1,413                1,366                                         358 (340--377)   355 (336--374)   0.9   0.8
    inpatients                                       905                  877                                                                                   
    osteoarthritis[^d^](#TF4){ref-type="table-fn"}   205                  178                                                                                   
   DEB                                               52                   73                                            13 (10--17)      19 (15--24)      1.4   0.05
    inpatients                                       29                   45                                                                                    
    osteoarthritis[^d^](#TF4){ref-type="table-fn"}   2                    9                                                                                     
  Age ≥65                                                                                                                                                       
   APM                                               1,008                802                                           397 (373--422)   305 (285--327)   0.8   \< 0.001
    inpatients                                       739                  605                                                                                   
    osteoarthritis[^d^](#TF4){ref-type="table-fn"}   247                  149                                                                                   
   DEB                                               47                   41                                            19 (14--25)      16 (11--21)      0.8   0.4
    inpatients                                       36                   36                                                                                    
    osteoarthritis[^d^](#TF4){ref-type="table-fn"}   8                    8                                                                                     

^a^DEB---debridement and lavage, APM---arthroscopic partial meniscectomy.

^b^IRR = Incidence Rate Ratio

^c^of incidence rate ratios

^d^ICD-10 codes M17.x among inpatients.

Osteoarthritis was diagnosed in 28% and 22% of inpatients undergoing APM in 2012 and 2015, respectively. Prevalence of osteoarthritis was highest (33.4%) in elderly patients undergoing APM in 2012. This age group also accounted for the biggest reduction, falling to 25% in 2015. Prevalence of osteoarthritis was lowest in patients undergoing debridement or lavage, regardless of patient age or year. Prevalence of osteoarthritis was consistently higher among elderly patients than among middle-aged patients (29% vs. 21%).

Among all patients over the age of 40, the proportion of patients who received outpatient physiotherapy before undergoing arthroscopic knee surgery was 30% as compared with 67% after surgery. Proportions of interventions related to arthroscopic knee surgery are listed in [Table 2](#TB2){ref-type="table"}.

###### 

Arthroscopic knee surgery and the incidence of related interventions

  Variable                                                 n (%)
  -------------------------------------------------------- ------------
  Total knee arthroplasty within 12 months after surgery   151 (7.2)
  Total knee arthroplasty within 24 months after surgery   211 (10)
  Physiotherapy within 6 months before surgery             630 (30)
  Physiotherapy within 6 months after surgery              1,396 (67)
  Pain medication (\> 2 prescriptions/6months)             236 (11)
  MRI within 6 months prior to surgery                     1,594 (76)

n = 2,089, all patients ≥40 with APM or DEB, year 2013.

Overall, surgical activity decreased from 2012 to 2015. This difference was largely driven by a statistically significant reduction of APM in elderly patients from 397 to 305 cases per 10^5^ person-years. There was no significant change in surgery rates among the group of middle-aged patients undergoing APM. Difference in incidence rates for debridement or lavage were borderline-significant for middle-aged and non-significant for elderly patients ([Table 1](#TB1){ref-type="table"}).

Male sex, supplementary private insurance, and number of chronic diseases were associated with higher odds of undergoing arthroscopic knee surgery, whereas high deductible class and the use of pain medication conferred lower odds. Higher age was associated with only minimally lower odds. Results of multivariable, multilevel logistic regression analysis are given in [Table 3](#TB3){ref-type="table"}.

###### 

Association of insurance status variables and arthroscopic knee surgery (multivariable regression analysis)

  Variable                                       OR[^a^](#TF6){ref-type="table-fn"} (95% CI)
  ---------------------------------------------- ---------------------------------------------
  Male sex                                       1.1 (1.001--1.2)
  Age[^b^](#TF7){ref-type="table-fn"}            1.0 (0.995--1.004)
  Age squared[^c^](#TF8){ref-type="table-fn"}    1.0 (1.0--1.0)
  Supplementary private insurance                1.2 (1.1--1.3)
  High deductible class (≥ 1000 Swiss Francs)    0.65 (0.58--0.74)
  Number of chronic diseases                     1.07 (1.04--1.1)
  Pain medication (\> 2 prescriptions/6months)   0.75 (0.64--0.88)

^a^2015, all patients ≥40

^b^continuous variable

^c^to account for bowing course of incidence rate

Discussion {#s0011}
==========

APM accounted for the vast majority of arthroscopic knee surgeries in non-traumatic patients in Switzerland in 2012 and 2015. Most patients undergoing arthroscopic knee surgery were middle-aged and surgery rates did not change for middle-aged patients comparing years 2012 and 2015. Our findings for patients over the age of 40 correspond to 388 and 352 procedures per 10^5^ patient-years in 2012 and 2015, respectively.

Our study population represented 15% of the Swiss population in 2012 and 14% in 2015 (Federal Statistical Office 2016). Most patients in our sample underwent surgery as inpatients. This contrasts with data from the United States where less than 1% of patients were hospitalized (Kim et al. [@C18]). This is most likely explained by differences in the organization of the health care system in Switzerland. Possible reasons are inpatient cases being subsidized by regional governments (which cover about 50% of total costs) or certain patients yielding a substantially higher reimbursement (e.g. those with supplementary private insurance) when treated as inpatients. Inevitably, such distortions must play a role in creating a less competitive outpatient sector.

Incidence rates for arthroscopic partial meniscectomy in Switzerland were comparable to other countries with a high amount of arthroscopic knee surgery. An additional analysis of all ages (i.e. including patients \<40 years) resulted in approximately 210 procedures per 10^5^ person-years in Switzerland in non-traumatic patients. This figure outnumbers traumatic cases, which, although on the rise throughout the last 3 decades, remain on a substantially lower level (accident-insurance cases amount to roughly a third of all APM procedures in 2014 according to our own estimate based on preliminary data from SUVA, the biggest accident insurance company of Switzerland, personal communication). According to this measure, our rate of non-traumatic patients is somewhat lower than the rate of 312 per 10^5^ person-years reported from Denmark in 2011. However, it does not contain traumatic tears, cruciate ligament procedures, and other unspecified knee procedures (Thorlund et al. [@C33]). Focusing on older patients, our incidence rates (397 per 10^5^ person-years, age ≥65) exceed those in Denmark in 2011 (322 per 10^5^ person-years, age ≥55). Moreover, adding traumatic cases to our incidence rates would likely lead to a similar result in middle-aged patients. A steep decline in procedures for degenerative knee disease from a very high level to about 250 procedures in 10^5^ person-years was described in Finland. In another Scandinavian country, remarkably lower rates were observed: Sweden reported a stable 100 procedures per 10^5^ person-years of arthroscopic procedures in osteoarthritis and degenerative meniscal disease between 2001 and 2012 (Mattila et al. [@C24]). Debridement and lavage accounted only for a small share of performed surgeries, which is in line with international observations and earlier evidence that these procedures do not benefit patients with osteoarthritis (Potts et al. [@C29]).

Prevalence of osteoarthritis was substantial among patients undergoing APM. About 1 in 4 middle-aged patients and almost 1 in 3 elderly patients featured a corresponding diagnostic code in 2012. The extent to which arthroscopy was performed in patients with meniscal tears and osteoarthritis has been questioned previously (Bergkvist et al. [@C1]). Arthroscopic knee surgery was shown to provide no additional benefit for osteoarthritis of the knee (Moseley et al. [@C26], Kirkley et al. [@C19]). More importantly, meniscal tears in patients with concurrent osteoarthritis are likely to be a sign of osteoarthritis itself (Englund et al. [@C4], [@C5]), do not increase pain (Englund et al. [@C6]) and predict a worse prognosis after surgery. Our results show that this evidence has not yet been implemented in daily practice.

Only a minority of patients had physiotherapy prior to arthroscopy according to reimbursement claims. Even fewer obtained regular pain medication. Present guidelines from the Osteoarthritis Research Society International (McAlindon et al. [@C25]), the European League Against Rheumatism (Fernandes et al. [@C10]), the National Institute of Health and Care Excellence ([@C27]), or initiatives like Choosing Wisely ([@C3]) regard non-operative management including patient education, exercise, and weight loss as first-line treatment in degenerative knee disease. Patients with debilitating mechanical symptoms have long been thought to be exempt from such strategies, therefore qualifying for surgery (Lyman et al. [@C23]). However, recent evidence challenges this assumption (Sihvonen et al. [@C31], [@C32]). As most of our patients were prescribed physiotherapy only after surgery---indicating that this variable is a valid proxy for symptomatic knee disease---it seems that many patients did not get first-line treatment but underwent surgery right away. Of note, high-quality evidence supporting physiotherapy after surgery is scarce. Although the cost-effectiveness of physiotherapy as an alternative treatment for surgery has yet to be demonstrated, it is at least as effective as (Kise et al. [@C20]) and less hazardous than surgery. MRI on the other hand was used abundantly, although it is known to be of limited help in ascertaining the need for surgery and may trigger inappropriate procedures, especially in osteoarthritic knees (Bhattacharyya et al. [@C2], Katz et al. [@C17]). Beyond that, 1 in 10 patients underwent total knee arthroplasty within a relatively short time span of 2 years after APM, further highlighting the substantial prevalence of osteoarthritis in this patient group.

Multivariable regression analysis showed a higher association with surgery for patients with supplementary private insurance. This is in line with previous reports (Hare et al. [@C12]). While our regression analysis itself cannot confirm causality, selection of a more demanding patient group and higher financial rewards from privately insured patients could be explanations for this association. The finding of chronic diseases being positively associated with surgery is unclear. One might hypothesize that surgery rates increase with a higher exposure to the health care system. Conversely, substantially fewer surgeries occurred in patients with a higher deductible class. Less exposure to physicians and more self-reliance might thus reduce health care services that feature a higher degree of preference-sensitivity. The use of pain medication was associated with a substantially lower probability of undergoing surgery. This finding is not entirely clear but suggests that patients undergoing surgery are experiencing either less pain or are less willing to take pain medication.

Some of the previous studies have been criticized as lacking adequate accuracy in discriminating traumatic from non-traumatic patients, supposedly relying on arbitrary surgical coding. An important strength of our sample is that traumatic injuries are reliably excluded not only by history, but also by competing insurance systems, safeguarding correct categorization based on all clinical information available. For example, whenever a reported accident seems of low relevance for the diagnosis, patients are reimbursed by the health insurance company and not by the accident insurance company (and vice versa). Consequently, our sample can be regarded as devoid of traumatic cases. As such, it reflects a population similar to those studied in the trials that found APM to be ineffective (Sihvonen et al. [@C30], Thorlund et al. [@C34]). Of note, the clinical value of this differentiation is unclear. There is no high-quality evidence on the effectiveness of surgical treatment for traumatic tears (Howell and Handoll [@C14]). A recent study showed that patients with a history of trauma do no better 1 year after surgery than those with a history indicating degenerative tears (Thorlund et al. [@C35]). Another strength is the presumably high representativeness of our sample with regard to the Swiss population.

An important limitation of our study is the lack of first-hand clinical information within our data. We had no access to information such as specific symptoms, detailed patient histories, or distinct reasons why patients underwent surgery. Furthermore, the examined time horizon was relatively short due to limited availability of data. Another limitation is the fact that ICD-10 codes (for osteoarthritis) were available only for inpatient cases. Outpatient cases might have a lower prevalence of osteoarthritis. However, they account for only a minority of all patients who underwent APM in Switzerland. As regards the regression results, it should be noted that they do not confirm or predict any causal relationship.

In summary, our results suggest that there is a high potential for inappropriate use of APM in Switzerland. In a fee-for-service system such as in Switzerland, every service is rewarded separately. Surgical action is thus financially encouraged while patients bear costs only partially. It appears that this hinders the timely implementation of new evidence. Policymakers should be aware of this and align existing reimbursement structures with patients' interests and existing evidence. Patients with suspected degenerative meniscal injuries should be evaluated with respect to degeneration and treated accordingly.
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